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otherwise specified by a numeral prefix or a general form of plurality suffix.] 

(54) Name of the Invention 

Coating Composition and Plastic Substrate 

(57) [Abstract) 

[Goal] 

The goal of the present invention is to suggest a coating layer that has excellent scratch 
resistance properties, surface hardness properties, inflexibility, transparency, antistatic 
properties, coloration properties, heat resistance properties, water resistance properties, 
chemical resistance properties, etc., and a plastic substrate material equipped with that 
coating layer. 

[Structure] 

Coating composition material that contains as its main components an organosilicon 
compound represented according to the general formula RlaR2bSi(OR3)4-(a+b), or its 
hydrolyzate and a composite colloid sol comprised of titanium oxide and antimonium 
oxide. 

[Scope of the Claims] 

[Claim 1] 

Coating composition material characterized by the fact that it contains as its main 
components an organosilicon compound (a), represented according to the general formula 
RlaR2bSi(OR3)4-(a+b) (where in the formula Rl is an organic radical, which has a 
number of carbon atoms that is in the range of 4 - 14, and which contains a functional 
radical or an unsaturated double bond, R2 is a hydrocarbon where the number of the 
carbon atoms is in the range of 1 ~ 6, or its halogenated hydrocarbon derivative, R3 is an 
1 ~ 4 carbon atom containing alkyl radical, alkoxy alkyl radical or acyl radical, a is 0 or 
1, b is 0 - 2, and also, a+b is 1 or 2), or its hydrolyzate and a composite colloid sol (b), 
that is comprised of titanium oxide and antimonium oxide. 

[Claim 2] 

Coating composition material according to the above described Claim 1 characterized by 
the fact that it especially contains a metal complex compound that is represented 
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according to the general formula M[CH2N(CH2COO)2]2Nac (where in the formula, M 
represents Zn, Mn, Mg, Fe, Cu, Co, Ca, Bi, Al, and c is 1 or 2). 

[Claim 3] 

Plastic substrate material characterized by the fact that on the front surface of a plastic 
substrate material a coating layer is formed that contains as its main components an 
organosilicon compound (a), represented according to the general formula 
RlaR2bSi(OR3)4-(a+b) (where in the formula Rl is an organic radical, which has a 
number of carbon atoms that is in the range of 4 ~ 14, and which contains a functional 
radical or an unsaturated double bond, R2 is a hydrocarbon where the number of the 
carbon atoms is in the range of 1 ~ 6, or its halogenated hydrocarbon derivative, R3 is an 
1 ~ 4 carbon atom containing alkyl radical, alkoxy alkyl radical or acyl radical, a is 0 or 
1, b is 0 - 2, and also, a+b is 1 or 2), or its hydrolyzate and a composite colloid sol (b), 
that is comprised of titanium oxide and antimonium oxide. 

[Claim 4] 

Plastic substrate material according to the above Claim 3 characterized by the fact that in 
the above described coating layer especially a metal complex compound that is 
represented according to the general formula M[CH2N(CH2COO)2]2Nac (where in the 
formula, M represents Zn, Mn, Mg, Fe, Cu, Co, Ca, Bi, Al, and c is 1 or 2), is contained. 

[Detailed Explanation of the Invention] 

[0001] 

[Technical Field] 

The present invention is an invention about a coating composition material used for 
plastic molded materials and about a plastic substrate material. 

[0002] 

[Prior Art] 

Usually, the plastic substrate materials are lightweight and because of that they have easy 
processing properties, impact resistance properties etc., quite beneficial properties, 
however, on the other hand there are the drawbacks that because of the fact that their 
strength (hardness) is insufficient they are easily scratched, easily invaded by solvents 
and they develop electrostatic charge and because of that attract dust, their thermal 
resistance properties are insufficient, etc. 

[0003] 
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In the past, in order to resolve these drawbacks of the plastic substrate materials different 
plastic lens materials have been invented, however despite that, a material where the 
drawbacks according to the previous technology have been resolved sufficiently has not 
been obtained by using only the means of the components of the plastic substrate 
material. 

[0004] 

Then, a coating composition material has been suggested that forms, on the front surface 
of the plastic substrate material, a layer with specific properties that compensate for the 
drawbacks of the plastic substrate material and improves the performance of the plastic 
substrate material, and it became possible to invent numerous protective coating 
composition materials. 

[0005] 

Among these, as a coating composition material that produces a hard coated layer that is 
close to inorganic system, the "Coating composition material containing as main 
components an organosilicon compound or its hydrolyzate" (Japanese Patent Application 
Laid Open Number Showa 52-1 1261), has been suggested. 

[0006] 

In the case of the coating layer that is formed from the above described coating 
composition material, the performance of the plastic substrate is somewhat improved, 
however, there is the drawback that it is said that the scratch resistance properties (ease of 
scratching) are low. Consequently, most recently, in order to improve this drawback, a 
coating composition material has been suggested where silica sol dispersed in a colloid 
state has been incorporated into the above described coating composition material and by 
that the scratch resistant properties, at the time when the coated layer is formed, have 
been improved (Japanese Patent Application Laid Open Number Showa 53-1 1 1336). 

[0007] 

Also, the coating composition material where instead of silica sol titanium oxide has been 
used (Japanese Patent Application Laid Open Number Showa 63-275682) and the coating 
composition material where antimonium oxide is used (Japanese Patent Application Laid 
Open Number Showa 62-151801) have been suggested. 

[0008] 

This coating composition material is comprised of organosilicon compound represented 
according to the following here below general formula or its hydrolyzate (here below 
called (a) component) and titanium oxide or antimonium oxide (component (b)). 

[0009] 
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General formula: RlaR2bSi(OR3)4-(a+b) (where in the formula Rl is an organic radical, 
which has a number of carbon atoms that is in the range of 4 - 14, and which contains a 
functional radical or an unsaturated double bond, R2 is a hydrocarbon where the number 
of the carbon atoms is in the range of 1 - 6, or its halogenated hydrocarbon derivative, 
R3 is an 1 ~ 4 carbon atom containing alkyl radical, alkoxy alkyl radical or acyl radical, a 
and b are correspondingly 0 or 1, and also, a+b is 1 or 2). 

[0010] 

[Problem To Be Solved By The Present Invention] 

However, in the case when by using the above described coating composition material 
where silica sol has been added a coating layer has been formed on the front surface of a 
plastic substrate material, the problem is generated that it is said that interference fringes 
are generated at the surface of the plastic substrate material and the plastic substrate 
appearance is poor. 

[0011] 

Then, even in the case of the above described titanium oxide sol, it is preferred that it be a 
material with a high refractive index that can exist separately as a sol, however, at the 
time when it is used as a coating composition component, there has been the problem that 
it cannot exist in a stable state with the component (a). 

[0012] 

Then, if a coating layer is formed from a coating composition material that contains 
titanium oxide sol as the component (a), a problem is generated with respect to the water 
resistance properties of the coating layer. 

[0013] 

Also, in the case of the above described antimonium oxide sol, it is a material that has a 
relatively high refractive index that can exist independently as a sol, and then, it is also a 
material that can exist in a stable state with the component (a) at the time when it is used 
as a component of the coating composition material; however, there has been the problem 
that it has been said that the refractive index of the coating layer formed from coating 
composition materials containing the component (a) and antimonium oxide sol, is not 
sufficiently high. 

[0014] 

Then, there are many cases where after the formation of the coating layer corresponding 
to the goals on the surface of the plastic substrate material an antireflective layer is 
formed. However, through the presence of an antireflective layer on the surface of the 
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coating layer, there is a generation of reflection color on the surface of the plastic 
substrate material and there has been the problem that through the effect of this reflection 
color, there is a generation of color variation at the surface of the plastic substrate 
material after the formation of the coating layer. 

[0015] 

The present invention is an invention that has as a goal to solve such problems related to 
the coating composition materials and the plastic substrate materials according to the 
previous technology, and to suggest a coating composition material whereby at the time 
when a coating layer is coated on the surface of a plastic substrate material, sufficient 
refractive index is obtained, there is no generation of interference fringes, and also, there 
is no generation of color variation due to the reflection color caused by the formation of 
an antireflection layer on the surface of the coating layer; and it also has as a goal to 
suggest a plastic substrate material provided with the above coating layer. 

[0016] 

Moreover, also, the goal of the present invention is to suggest a coating composition with 
improved scratch resistance properties, surface hardness properties, improved 
inflexibility properties, transparency properties, antistatic properties, coloration 
properties, heat resistance properties, water resistance properties, chemical resistance 
properties, etc., and a substrate material provided with that coating composition. 

[0017] 

[Measures In Order To Solve The Problem] 

In order to achieve the above described goal the invention according to the first claim of 
the present invention is an invention that suggests a coating composition material 
characterized by the fact that it contains as its main components an organosilicon 
compound (a), represented according to the general formula RlaR2bSi(OR3)4-(a+b) 
(where in the formula Rl is an organic radical, which has a number of carbon atoms that 
is in the range of 4 - 14, and which contains a functional radical or an unsaturated double 
bond, R2 is a hydrocarbon where the number of the carbon atoms is in the range of 1 ~ 6, 
or its halogenated hydrocarbon derivative, R3 is an 1 ~ 4 carbon atom containing alkyl 
radical, alkoxy alkyl radical or acyl radical, a is 0 or 1 , b is 0 ~ 2, and also, a+b is 1 or 2), 
or its hydrolyzate and a composite colloid sol (b), that is comprised of titanium oxide and 
antimonium oxide. 

[0018] 

Also, the invention according to the second claim of the present invention is an invention 
that suggests a coating composition material according to the above described Claim 1 
characterized by the fact that it especially contains a metal complex compound that is 
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represented according to the general formula M[CH2N(CH2COO)2]2Nac (where in the 
formula, M represents Zn, Mn, Mg, Fe, Cu, Co, Ca, Bi, Al, and c is 1 or 2). 

[0019] 

Then, the invention according to the third claim of the present invention is an invention 
that suggests a plastic substrate material characterized by the fact that on the front surface 
of a plastic substrate material a coating layer is formed that contains as its main 
components an organosilicon compound (a), represented according to the general formula 
RlaR2bSi(OR3)4-(a+b) (where in the formula Rl is an organic radical, which has a 
number of carbon atoms that is in the range of 4 ~ 14, and which contains a functional 
radical or an unsaturated double bond, R2 is a hydrocarbon where the number of the 
carbon atoms is in the range of 1 ~ 6, or its halogenated hydrocarbon derivative, R3 is an 
1 ~ 4 carbon atom containing alkyl radical, alkoxy alkyl radical or acyl radical, a is 0 or 
1, b is 0 ~ 2, and also, a+b is 1 or 2), or its hydrolyzate and a composite colloid sol (b), 
that is comprised of titanium oxide and antimonium oxide. 

[0020] 

Also, the invention according to the forth claim of the present invention is an invention 
that suggests a plastic substrate material according to the above Claim 3 characterized by 
the fact that in the above described coating layer especially a metal complex compound 
that is represented according to the general formula M[CH2N(CH2COO)2]2Nac (where 
in the formula, M represents Zn, Mn, Mg, Fe, Cu, Co, Ca, Bi, Al, and c is 1 or 2), is 
contained. 

[0021] 

[Effect] 

The coating composition material according to the Claim 1 of the present invention is a 
material containing an organosilicon compound represented according to the shown 
below general formula or its hydrolyzate (here below called component (a)) and a 
composite colloid sol of titanium oxide and antimonium oxide (here below called 
component (b)) as its main components, and because of that it is possible to obtain a 
coating composition material whereby at the time when the coating layer is formed on the 
surface of the plastic substrate material it is possible to obtain a sufficient refractive 
index is obtained, there is no generation of interference fringes, and also, there is no 
generation of color variation due to the reflection color generated by the formation of 
antireflective layer on the surface of the coating layer. 

[0022] 

General formula: RlaR2bSi(OR3)4-(a+b) (where in the formula Rl is an organic radical, 
which has a number of carbon atoms that is in the range of 4 ~ 14, and which contains a 
functional radical or an unsaturated double bond, R2 is a hydrocarbon where the number 
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of the carbon atoms is in the range of 1 - 6, or its halogenated hydrocarbon derivative, 
R3 is an 1 - 4 carbon atom containing alkyl radical, alkoxy alkyl radical or acyl radical, a 
is 0 or 1, b is 0 ~ 2, and also, a+b is 1 or 2). 

[0023] 

Especially, it is possible to obtain a coating composition material where the drawbacks of 
the coating layer according to the previous technology, for example, impact resistance 
properties, surface hardness properties, inflexibility properties, transparency properties, 
antistatic properties, coloration properties, heat resistance properties, water resistance 
properties, chemical resistance properties, etc., have been improved. 

[0024] 

This is because of the fact that the coating composition material according to the present 
invention contains the titanium oxide and antimonium oxide composite colloid sol as the 
component (b) and the drawbacks in the cases when the titanium oxide and the 
antimonium oxide have been used individually are compensated, and it is possible to 
extract preferred properties. 

[0025] 

As the above described composite colloid sol according to the present invention, for 
example it is a material that is a colloid obtained as, for example, composite titanium 
oxide and antimonium oxide fine particles are dispersed in water or organic solvent or in 
a mixed liquid containing water and an organic solvent, and a material is used that is 
stabilized by the addition of an appropriate alkali, preferably an organic amine 
compound. 

[0026] 

Also, for the component (b), which is a titanium oxide and antimonium oxide composite 
colloid sol that is contained in the coating composition material according to the present 
invention, a material is used where the titanium oxide is utilized as the seed (core) and 
this core is covered by multiple antimonium oxide elements. 

[0027] 

Also a material is used where the diameter of the above described composite colloid 
particles is in the range of 1 ~ 200 nm, and preferably, it is in the range of 5 ~ 100 nm. If 
the diameter of the particles of the above-described composite colloid is smaller than the 
above-described range, the stability properties of the sol itself are poor, and the effect is 
also small, and the manufacturing is difficult. On the contrary, if the diameter of the 
particles of the above-described composite colloid is larger than the above described 
range, the stability properties, of the coating composition material, the transparency 
properties and the smoothness properties of the coated layer are decreased. 
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[0028] 



Also, regarding the proportion of the titanium oxide and the antimonium oxide, in order 
that it gives rise to preferred characteristics while compensating for numerous drawbacks, 
relative to 100 weight parts of titanium oxide in the range of 2 - 100 weight parts of 
antimonium oxide are used, and preferably, in the range of 5 - 30 weight parts are used. 
If the amount of antimonium oxide used is less than the above ratio, at the time when it is 
mixed with the component (a), the stability properties of the composite colloid are lost, 
and on the contrary, if the amount used is larger than the above described ratio, problems 
are generated with respect to the refractive index of the coating composition material. 

[0029] 

In other words, for example regarding the titanium oxide sol, it can exist separately as a 
sol and because of its high refractive index it is a preferred material, however, in the case 
when it is used as a coating composition material, because of its fundamental physical 
properties it cannot exist stably mixed with the component (a) contained in the coating 
composition material that is an organosilicon compound or its hydrolyzate compound. 

[0030] 

Then, when a coating layer is formed from the coating composition material that contains 
the component (a), which is an organosilicon compound or its hydrolyzate compound, 
and the titanium oxide sol, there have also been problems with respect to the water 
resistance properties of the coating layer. 

[0031] 

Also, for example, in the case of the antimonium penta oxide sol, it is a material that can 
exist separately as a sol, and it is also a material that has relatively high refractive index, 
and then, it is also a material, which at the time when it is used as a component of the 
coating composition material can stably exist together with the component (a), which is 
an organosilicon compound or its hydrolyzate compound; however, the refractive index 
of the coating layer that is formed from the coating composition material containing the 
component (a) and the antimonium penta oxide sol, becomes not sufficiently high. 

[0032] 

In the case of the coating composition material according to the present invention, it is a 
composition material where titanium oxide and antimonium oxide composite colloid sol 
is present in the coating composition material and because of that the drawbacks in the 
case when titanium oxide sol or antimonium oxide sol are used separately are 
compensated and it is possible to extract preferred properties. 

[0033] 
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Because of that at the time when a coating layer is formed from the coating composition 
material according to the present invention it allows for the preparation of a plastic 
substrate material that has a preferred refractive index, and it is possible to obtain a 
coating composition material that is stable under the presence of the component (a) and 
that has no problems with respect to the water resistance properties etc. 



[0034] 

However, regarding the component (a) inside the coating composition material according 
to the present invention, its structure is shown according to the following here below 
formulae 1 and 2, and it is one type of organosilicon compound which after the 
hydrolysis liberates water and condenses and becomes an oligomer. 



[0035] 



Then, regarding its structure, three-functional organosilicon compounds are preferred 
where three OR3 radicals are bonded to a Si atom. Naturally, it is also possible to use 
bifunctional organosilicon compounds where 2 OR3 radicals are bonded to a Si atom. 



[0036] 
[Formula 1] 

R fi 

CR< 0.1-S i- f CH , ) , - COCH, CH, ) „ OCH, -i-CH. 

V 

0 



[0037] 

Where in the formula, R4 represents 1 ~ 4 carbon atoms alkyl radical, alkoxy alkyl 
radical or acyl radical, R5 represents 1 ~ 6 carbon atoms hydrocarbon radical, 
halogenated hydrocarbon radical, R6 represents hydrogen or methyl radical, m represents 
2 or 3, p is in the range of 1 ~ 6, q is in the range of 0 ~ 2. 

[0038] 

[Formula 2] 



fR 7 O) , 
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[0039] 



Where in the formula, R7 represents 1 ~ 4 carbon atoms alkyl radical, alkoxy alkyl 
radical, or acyl radical, R8 represents 1-4 carbon atoms hydrocarbon radical or 
halogenated hydrocarbon radical, I is 2 or 3 and r represents 1 ~4. 

[0040] 

Regarding the above described organosilicon compounds, it is a good option if only one 
type compound is used, however, if two or more types are mixed and used it is possible 
to achieve coating layers that respond to different goals. In these case it is a good option 
if different types of the above described three-functional organosilicon compounds are 
mixed and used, and it is also a good option if the above described bifunctional and three- 
functional organosilicon compounds are mixed and used. Moreover, at the time when the 
above-described bifunctional organosilicon compounds are used as the component (a), 
the mixing of the above described three-functional organosilicon type compounds is 
preferred. 

[0041] 

However, for the Rl in the above described organosilicon compound used as the 
component (a), it is preferred that it is a material that contains an epoxy radical as the 
functional radical. These materials are called epoxysilanes, and for example, as the above 
described three-functional organosilicon compounds, it is possible to list the following 
compounds: y-glycidoxy propyl trimethoxy silane, y-glycidoxy propyl triethoxy silane, y- 
glycidoxy propyl dimethoxy ethoxy silane, y-glycidoxy propyl triacetoxy silane, y- 
glycidoxy propyl methyl dimethoxy silane, y-glycidoxy propyl methyl diethoxy silane, p- 
(3, 4- epoxy cyclo hexyl) ethyl triethoxy silane, etc. 

[0042] 

Then, regarding the above described organosilicon compound that is used as the 
component (a), the compounds containing epoxy radicals are preferred, however, 
compounds that are the above described organosilicon compounds and that do not contain 
epoxy radicals can also be used. For example, in the case of the above described three- 
functional organosilicon compounds, it is possible to list the following here below 
compounds: methyl trimethoxy silane, methyl triethoxy silane, vinyl trimethoxy silane, 
vinyl triethoxy silane, vinyl triacetoxy silane, vinyl dimethoxy ethoxy silane, y-methacryl 
oxy propyl trimethoxy silane, amino methyl trimethoxy silane, 3 -amino propyl triethoxy 
silane, phenyl trimethoxy silane, y-chloropropyl trimethoxy silane, y-mercapto propyl 
triethoxy silane, 3,3,3- trifluoro propyl trimethoxy silane, etc. different types of 
trialkoxy silanes, or dialkoxy alkoxy silanes, etc. 
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[0043] 



Also, as examples of the above described Afunctional organosilicon compounds, it is 
possible to list the following compounds: dimethyl methoxy silane, diphenyl dimethoxy 
silane, methyl phenyl dimethoxy silane, methyl vinyl dimethoxy silane, dimethyl 
diethoxy silane, etc. However, at the time when these bifunctional organosilicon 
compounds are used it is preferred that they be admixed with three-functional 
organosilicon compounds. 

[0044] 

However, it is also possible that tetra-functional organosilicon compounds also be used 
together with the above-described organosilicon compounds with another functionality 
number and/or with compounds containing epoxy radicals. Naturally, these can also be 
used together with the above described usable organosilicon compounds that do not 
contain epoxy radicals, etc. 

[0045] 

Also, as the above described tetra-functional organosilicon compounds, for example, it is 
possible to list the following compounds: methyl silicate, ethyl silicate, isopropyl silicate, 
n-propyl silicate, n-butyl silicate, t-butyl silicate, sec-butyl silicate, etc. 

[0046] 

Then, if a coating composition material is prepared by incorporating a hydrolyzate 
compound obtained as the above-described organosilicon compounds are hydrolyzed, 
because of the fact that the reaction rate at the time of the coating layer processing is 
increased and the effective temperature is decreased, an effective coating layer processing 
becomes possible. 

[0047] 

Also, in the case when 2 or more types of the same functionality number compounds 
among the 2 - 4 - functional compounds are used, or in the case when 2 or more types of 
different functionality number compounds among the 2 - 4 - functional compounds, are 
used, it is also a good option if they are used after hydrolyzation, and it is also a good 
option if they are used as they are brought together prior to the hydrolyzation and then 
they are co-hydrolyzed. Through the hydrolyzation, alcohol, which becomes HOR3, is 
liberated, and the compounds represented according to the formulae 1 or 2, become 
silanols that have structures that are represented according to the formulae 3 or/and 4. 

[0048] 
[Formula 3] 
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OH 
I 

OH— S i — OH 
I 

[0049] 
[Fonnula 4] 



I 

OH-S i— OH 
I 

n 1 



[0050] 

Regarding these silanols, the dehydrating condensation proceeds quickly, and they 
become oligomers, however, preferably, this reaction becomes sufficiently developed if 
they are left to stand (recuperate) for a period of time in the range of 1 - 24 hours after 
the hydrolysis. 

[0051] 

Also, regarding the coating composition material according to the invention reported in 
the Claim paragraph 2, which contains a metal complex compound that is represented 
according to the general formula M[CH2N(CH2COO)2]2Nac (where in the formula, M 
represents Zn, Mn, Mg, Fe, Cu, Co, Ca, Bi, Al, and c is 1 or 2), this metal complex 
compound can polymerize the organosilicon compound or its hydrolyzate compound, 
which are the component (a), and a coating layer with a three-dimensional network 
structure can be formed, and because of that it is possible to form a coating layer that is 
extremely hard at a good efficiency rate. 

[0052] 

As detailed examples of the above described metal complex compounds, for example, it 
is possible to list the following materials: iron ethylene diamine tetra acetate, aluminum 
ethylene diamine tetra acetate, zinc ethylene diamine tetra acetate, manganese ethylene 
diamine tetra acetate, magnesium ethylene diamine tetra acetate, copper ethylene diamine 



12 



tetra acetate, cobalt ethylene diamine tetra acetate, calcium ethylene diamine tetra acetate, 
bi-lead ethylene diamine tetra acetate, etc. 

[0053] 

Also, these metal complex compounds can be used as one type compounds and that is a 
good option and they can be used as two or more types are mixed and that is also a good 
option. 

[0054] 

Then, regarding the plastic substrate material reported according to the invention in the 
Claim paragraph 3, it is a material that is obtained as a layer from the coating 
composition material according to the Claim paragraph 1 is formed on the surface of a 
plastic substrate material, and because of the fact that there is no generation of 
interference fringes on the surface of the above plastic substrate material, the appearance 
is good. Then, also when an antireflective layer is formed on the surface of the coating 
layer of the above described plastic substrate material, because of the fact that there is no 
reflection color generation, it is possible to obtain a plastic substrate material where there 
is no generation of color variation due to the effect of the reflected color. 

[0055] 

In addition, it is possible to obtain a plastic substrate material with excellent scratch 
resistance properties, surface hardness properties, inflexibility properties, transparency 
properties, antistatic properties, coloration properties, heat resistance properties, water 
resistance properties, chemical resistance properties, etc., that have been problems and 
difficult issues according to the previous technology. 

[0056] 

Also, according to the plastic substrate material according to the invention of the Claim 
paragraph 4, in the coating composition used on its surface, a metal complex compound 
that is represented according to the general formula M[CH2N(CH2COO)2]2Nac (where 
in the formula, M represents Zn, Mn, Mg, Fe, Cu, Co, Ca, Bi, Al, and c is 1 or 2), is 
contained, and this metal complex compound can polymerize the component (a), and a 
coating layer with a three-dimensional network structure can be formed, and because of 
that it is possible to form a coating layer that is extremely hard at a good efficiency rate. 

[0057] 

Then, according to the present invention, in order to shorten the time period required for 
the formation of the coating layer where the component (a) is polymerized and a coating 
layer with a three-dimensional network structure is obtained, depending on the 
requirements, it is also a good option if amine type compounds, different types of metal 
complex compounds, metal alkoxides, organic metal end groups, perchlorates, organic 
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acids or their anhydrides, Lewis acids, metal halogen compounds, etc., cure catalysts 
(however, the materials that deteriorate the stability properties of the coating composition 
material are not preferred) are used together with the coating composition material. 

[0058] 

For example, as the amine type compounds, it is possible to list the following 
compounds: monoethanol amine, diethanol amine, isopropanol amine, ethylene diamine, 
isopropyl amine, diisopropyl amine, morpholine, triethanol amine, diamino propane, 
amino ethyl ethanol amine, dishiaru amide, Methylene diamine, 2-ethyl - 4- methyl 
imidazole, etc. 

[0059] 

Also, regarding the different types of metal complex compounds, it is possible to use 
aluminum chelate compounds represented according to the general formula: AlXn Y3-n 
{where, in the formula, X represents OL (where L is a low homologous order alkyl 
radical), Y represents at least one of the coordinate atoms that are derived from the 
represented by the general formula M1COCH2 COM2 (where Ml and M2 represent a 
low homologous order alkyl radicals), and M1COCH2COM2, n is 0 or 1 or 2}. 

[0060] 

For example, it is possible to list the following compounds: aluminum acetyl acetonate, 
aluminum bis ethyl acetonate, mono acetyl acetonate, aluminum - di - n - butoxide - 
monoethyl acetonate, aluminum - di - iso- propoxide - monomethyl acetonate, chrome 
acetyl acetonate, titanyl acetyl acetonate, cobalt acetyl acetonate, iron (III) acetyl 
acetonate, manganese acetyl acetonate, nickel acetyl acetonate, indium acetyl acetonate, 
etc. 

[0061] 

Then, as detailed examples of the metal alkoxides, it is possible to list the following here 
below compounds: aluminum triethoxide, aluminum tri - n - propoxide, aluminum tri-n- 
butoxide, tetra ethoxy titanium, tetra-n-butoxy titanium, tetra-I-propoxy titanium, etc. 

[0062] 

Also, as the organic metal salts, for example, it is possible to use sodium acetate, zinc 
naphthenate, cobalt naphtenate, lead octenate, also, as the perchlorate salts, for example, 
it is possible to use magnesium perchlorate, ammonium perchlorate, etc. 

[0063] 

Then, as examples of the organic acids or their anhydrides, it is possible to list the 
following: malonic acid, succinic acid, tartaric acid, adipic acid, adelainic acid, maleic 
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acid, o-phthalic acid, terephthalic acid, fumaric acid, itaconic acid, oxazolo acetate, 
maleic acid anhydride, succinic acid anhydride, itaconic acid anhydride, 1,2- dimethyl 
maleic acid anhydride, phthalic acid anhydride, hexahydrophthalic acid anhydride, 
phthalic acid anhydride etc. 

[0064] 

Also, as the Lewis acid compounds, for example it is possible to use iron chloride, 
aluminum chloride, etc., and also, as the metal halogen compounds, it is possible to use, 
for example, lead (I) chloride, tin (II) chloride, tin bromide, zinc chloride, zinc bromide, 
titanium bromide, titanium tetrachloride, thallium bromide, germanium chloride, hafnium 
chloride, lead chloride, lead bromide etc. 

[0065] 

However, regarding the above described cure catalysts, they can be used individually, 
and also they can be used as a combination of two or more types in correspondence with 
the goals and that is also a good option. Also, besides these cure catalysts, it is possible to 
use a material that causes the ring opening polymerization reaction of the epoxy radical 
of the component (a). For example, the aluminum chelate compounds are the most 
preferred catalyst type materials. 

[0066] 

Then, according to the present invention, in order to prepare the coating composition 
material in a liquid form, or in order to lower the viscosity, it is also a good option to use 
the solvent agents that are well known from the previous technology. For example, it is 
possible to use water, low homologous order alcohol, acetone, ether, ketone, ester, etc. 

[0067] 

Besides the above-described components, in order to respond to different types of goals it 
is also a good option if different types of additive agents are also used. For example, it is 
possible to use a pH adjusting agent, a viscosity adjusting agent, a leveling agent, a sheen 
reducing agent, dye material, pigment material, stabilizing agent, ultraviolet light 
absorbing agent, antistatic agent etc. 

[0068] 

Then, it is also a good option if an epoxy resin or other organic polymers are used also 
with the goal to improve the coloring properties of the coating layer. As the epoxy resin 
material, for example, it is possible to use polyolefm type epoxy resins, cyclo pentadiene 
oxide, cyclo hexane oxide, polyglycidyl ester, etc., aliphatic ring type epoxy resins, 
polyglycidyl ether, epoxylated vegetable oils, epoxy Novolac, glycidyl methacrylate and 
methyl methacrylate copolymer material, polyol, fiber type resins, melamine resins, etc. 
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[0069] 



Also, in order to increase the flow at the time of the coating and to reduce the smoothness 
of the coating layer and to reduce the coefficient of friction of the surface of the coating 
layer, it is possible to use different types of surface active agents. For example, it is 
possible to use dimethyl cyclohexane and alkylene oxide block or graft copolymer 
materials, fluorine type surface active agents, etc. 

[0070] 

However, in the case of the coating composition material according to the present 
invention, preferably, a layer preventing the scratching of the "glasses lens", which is 
formed from a resin material whose refractive index is medium to high and is ne=l .54 or 
higher, is used. Then, the substrate materials that can be used are not limited to plastic 
substrate materials, and it is also possible to use inorganic glass, wood, metal products 
etc., and these are also good options. 

[0071] 

Also, regarding the coating step, preferably, a paintbrush coating, immersion, roll 
coating, spray coating device, flow coating etc., manufacturing methods are used. For 
example, it is possible to use the method where the coating composition material 
according to the present invention is coated in a casting die, and after that the raw 
material that would form the plastic substrate material is poured into the die and 
polymerized and by that a plastic substrate material with a formed on it coating layer, is 
obtained. As another method that can be used, there is the method where the coating 
composition material according to the present invention is coated on the surface of a 
plastic substrate material and after that it is placed in contact with a casting die and the 
coated layer is cured and a plastic substrate material where a coated layer has been 
formed on its surface, is obtained. 

[0072] 

Also, regarding the thickness of the coating layer, it is a good option if it is made so that 
after drying, it is in the range of 0.3 - 30 microns, and preferably, it is in the range of 0.5 
- 10 microns. 

[0073] 

Regarding the plastic substrate material according to the present invention, it is a material 
where the coating composition material is coated and after that preferably, it is heated 
and the above described coating composition material is cured. Regarding the heating 
temperature, it is in the range of approximately 50oC ~ 200oC, however, preferably, it is 
preferred that the heat treatment be conducted at a temperature that is in the range of 
80oC ~ 140oC. 
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[0074] 



However, regarding the plastic substrate material according to the present invention, 
preferably, polymethyl methacrylate and its copolymer materials, acrylonitrile - styrene 
copolymer materials, polycarbonate, cellulose acetate, polyvinyl chloride, polyethylene 
terephthalate, epoxy resins, unsaturated polyester resins, polyurethane resins, CR-39 
polymer materials, etc., can be used. 

[0075] 

Also, as the state of the plastic substrate material according to the present invention, 
preferably, an agglomerated material, a cloth material, a film, etc., can be used. 

[0076] 

[Practical Examples] 

(1) Preparation of the preliminary composition material A 

As 248 weight parts of y-glycidoxy propyl methyl diethoxy silane are being vigorously 
stirred, 36 weight parts of a 0.05 normal hydrochloric acid aqueous solution are added at 
one time, and then, the semi-stirring is continued for an hour and the hydrolyzate material 
x that corresponds to the component (a) was obtained. 

[0077] 

To the above described hydrolyzate material x as a solvent agent, 56.6 weight parts of 
ethanol and 53.4 weight parts of ethylene glycol were added, and after that, as a cure 
catalyst, 4.7 weight parts of aluminum acetyl acetonate, were added, and these were 
sufficiently mixed, and the dissolved solution was used as the preliminary composition 
material A. 

[0078] 

(2) Preparation of the preliminary composition material B 

As 212.4 weight parts of y-glycidoxy propyl trimethoxy silane are being vigorously 
stirred as their temperature maintained at lOoC, and 48.6 weight parts of a 0.01 normal 
hydrochloric acid aqueous solution were slowly dripped in. Immediately after the 
completion of the dripping the cooling was stopped and the hydrolyzate compound y 
corresponding to the component (a), was obtained. 

[0079] 

To the above described hydrolyzate material y as a solvent agent, 77.1 weight parts of 
ethanol and 37.7 weight parts of ethylene glycol were added, and after that, as a cure 
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catalyst, 7.65 weight parts of aluminum acetyl acetonate, were added, and these were 
sufficiently mixed, and the dissolved solution was used as the preliminary composition 
material B. 

[0080] 

(3) Preparation of the preliminary composition material C 

To 284 weight parts of the above described hydrolyzate material x, as a solvent agent, 
56.6 weight parts of ethanol and 53.4 weight parts of ethylene glycol were added, and 
after that, as a cure catalyst, 4.0 weight parts of aluminum tetra ethylene diamine acetate 
were added, and these were sufficiently mixed, and the dissolved solution was used as the 
preliminary composition material C. 

[0081] 

(4) Preparation of the preliminary composition material D 

To 261 weight parts of the above described hydrolyzate material y, as a solvent agent, 
77.1 weight parts of ethanol and 37.7 weight parts of ethylene glycol were added, and 
after that, as a cure catalyst, 6.0 weight parts of aluminum tetra ethylene diamine acetate 
were added, and these were sufficiently mixed, and the dissolved solution was used as the 
preliminary composition material D. 

[0082] 

(5) Preparation of the coating composition 

In a glass container the amounts of the preliminary composition material A and B that 
were weighed according to the shown in Table 1 were poured and introduced and then, 
200 weight parts of commercially available titanium dioxide and antimonium penta oxide 
composite colloid sol, were added, and they were sufficiently stirred and mixed, and the 
coating composition material (I) was obtained. 

[0083] 

Also, as the above described titanium dioxide and antimonium penta oxide composite 
colloid sol, a sol was used that is a methanol dispersion sol where the solids concentration 
is 20 %, and the average particle diameter of the composite colloid is in the range of 10 ~ 
1 5 nm, and the ratio of the titanium dioxide and the antimonium penta oxide in this 
composite colloid was 100 weight parts/20 weight parts (Ti02/Sb205). 

[0084] 

The same way, the amounts of the preliminary composition materials C and D weighed 
based on the presented in table 1 were poured and introduced in a glass vessel, and then 
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200 weight parts of commercially available titanium dioxide and antimonium penta oxide 
composite colloid sol, were added, and 0,45 weight parts of silicon type surface active 
agent were added, and they were sufficiently stirred and mixed, and the coating 
composition material (II) was obtained. 

[0085] 

(6) Coating 

On a commercially available polyurethane type lens that has a refractive index ne=1.67, 
by using the immersion method (withdrawal speed of 10 cm/minute) the above described 
coating composition materials (I) and (II) were correspondingly coated, and at a 
temperature of lOOoC these were heated for a period of 2 hours, and the coated layers 
were cured, and the coating layers were formed. 

[0086] 

(7) Evaluation 

By using the polyurethane type lenses with the formed coating layers obtained according 
to the above described (6), and using the below described tests, the evaluation of the 
properties of the coating layers was conducted. 

[0087] 

(i) Scratch resistance test 

The coating layer surface was rubbed by using steel wool #0000, and the scratching 
difficulty was monitored, the evaluation was performed according to the following here 
below standards. 

O Even if rubbed extremely hard there is no scratching. 

O Even if it is rubbed hard, there is no scratching. 

A When it is rubbed hard there is some scratching. 

X Even if it is rubbed lightly, there is scratching. 

As a reference, the evaluation of the polyurethane type lens that has not been coated with 
the coating layer was X. 

[0088] 

(ro) Appearance 

On the coating layer the usually used antireflective layer was formed by using the 
vacuum vapor deposition method, and the reflected color variation was observed by the 
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naked eye, and the evaluation was conducted according to the following here below 
standards. 



0 
0 
X 



There is no variation due to reflected color. 
. There is a slight variation due to the reflected color. 
There is a significant variation due to the reflected 



color. 



[0089] 

(ha) Adhesive properties 

By using a knife 1 mm square base marks (100) were made on the front surface of the 
coating layer and after that a cellophane adhesive tape (product trade name "Cello Tape", 
manufactured by Nichiban Company) was strongly applied and then after that one edge 
of the tape was grasped and it was peeled energetically in the 90 degree direction. After 
that the base marks at the front surface of the coating layer were individually examined 
and the number of the separated base marks was denoted as x, and when that was done, 
the adhesive properties were expressed as x/100. In this case, the smaller the x the better 
the adhesive properties are. 

[0090] 

(ni) Coloration properties 

The lenses were immersed for a period of 30 minutes at a temperature of 90oC in dye 
dispersion bath where three colors - red, yellow and blue colors - were mixed, and the 
light transmittance was measured and by that the coloration properties were evaluated. 

The results from the described here above (i), (ro), (ha), (ni) are presented in table 1. 



[0091] 



[Table 1] 
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In the table: 

1 . Practical Examples, 2. Reference Examples, 3. Preliminary coating composition 
materials, 4. (i)> 5. (ro), 6. (ha), 7. (ni) 

[0092] 

Also, in the case of the Reference Example 1 in Table 1, instead of using the titanium 
dioxide and antimonium penta oxide composite colloid sol, commercially available silica 
sol (average particle diameter is 13 +/- nm, 20 % solids methanol dispersion sol), was 
used and by using the prepared by that coating composition material a coating layer was 
formed on a polyurethane lens and this was then evaluated the same way and the results 
are shown in the table as the Reference Example 1 . 

[0093] 

Then, in the case of the Reference Example 2 in Table 1, instead of using the titanium 
dioxide and antimonium penta oxide composite colloid sol, commercially available 
antimonium penta oxide sol (average particle diameter is 13 nm, 20 % solids sol), was 
used and by using the prepared by that coating composition material a coating layer was 
formed on a polyurethane lens and this was then evaluated the same way and the results 
are shown in the table as the Reference Example 2. 

[0094] 

[Results From The Present Invention] 

According to the present invention it is possible to obtain a coating composition material 
where, when for example, the coating composition is coated as a layer on the surface of a 
plastic substrate material, a coating layer is formed, where after that coating there is no 
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generation of interference fringes at the surface of the plastic substrate material, and also, 
there is no generation of color variation due to reflected color. 

[0095] 

Then, it is possible to obtain a coating composition material that forms a coated layer 
with improved scratch resistance properties, surface hardness properties, friction 
resistance properties, heat resistance properties, water resistance properties, antistatic 
properties, which have been problematic in the previous technology. 

[0096] 

Also, when a coating layer is formed by using the coating composition material according 
to the present invention, the extension of the coated layer is large and a material is 
obtained where even if the substrate material is bent the risk of generating cracks is very 
low, and then, a material is obtained where the surface reflectance of the coating layer is 
large, 

[0097] 

In addition, the slipping properties of the front surface of the coating layer are good (the 
coefficient of friction is low) and the coating layer also has good adhesive properties 
relative to the antireflective layer, the metal vapor deposited layer etc., that are formed on 
the top of the coating layer. 

[0098] 

Then, the coating composition material according to the present invention is easy to coat, 
and easy to use as naturally the pot life of the composition material is good, and then, the 
shrinkage at the time of curing is low, and especially, it is a material where at the time 
when it is coated as a thin film on the substrate material, there are no troubles like curl, 
etc. 

[0099] 

Also, by the incorporation of a metal complex compound that is represented according to 
the general formula M[CH2N(CH2COO)2]2Nac, it is possible to obtain a coating 
composition material where the composition curing time is shortened, and it is possible to 
form a three-dimensional network structure coating layer at a good efficiency. 

[0100] 

Then, in the case of the plastic substrate material according to the present invention, 
because of the fact that there is no generation of interference fringes at the front surface, a 
commercial product can be obtained that has a good appearance and has an increased 
value. Also, it is possible to obtain a plastic substrate material where even if an 
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antireflective layer is formed on the surface of the coating layer of the above-described 
plastic substrate, there is no generation of reflected color and because of that there is no 
generation of color variation due to the effect of the reflected color. 

[0101] 

The plastic substrate material according to the present invention is a material with 
improved scratch resistance properties, surface hardness properties, rubbing resistance 
properties, transparency properties, heat resistance properties, water resistance properties, 
antistatic properties, and then, it is a material where the slipping properties of the surface 
are good (the coefficient of friction is low) and because of that it has good adhesive 
properties relative to the antireflective layer, the metal vapor deposition layer etc., that 
are formed on the surface of the plastic substrate material. 

Patent Assignee: Nikon Corporation 
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